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ABSTRACT 

ERTS-1 lmaeerv is orovine to be excentionallv useful In 
delineating structural features In Alaska which have never 
been recognized on the ground. Previouslv unmanned features 
such as seismlcallv active faults and malor structural lin- 
eaments are especially evident. Among the more significant 
results of this investigation is the discovery of an active 
strand of the Denali fault. The new fault has a historv of 
scattered seismicity and was the scene of a magnitude A. 8 
earthquake on October 1, 1972. Perhaos of greater signifi- 
cance is the disclosure of a large scale conjugate fracture 
svstem north of the Alaska Range. This fracture svstem an- 
nears to result from c moressive stress radiating outward 
from around the outside of the great bend of the Alaska Range 
at Mt. McKinle' . NASA aircraft data also sunnort this assump- 
tion. One raemner of the fracture svstem was the scene of a 
magnitude 6.5 earthquake in 1968. The potential value of EP.TS 
imagery to land use planning is reflected in the fact that the 
site of the proposed bridge and oil nineline crossing of the 
Yukon River lies verv near this fault. 

1. INTRODUCTION 

In an area as remote and inaccessible as most of Alaska, geologic 
mapping is, at best, hit-and-miss. Mapping in the state (if it has been 
done at all) is often, of necessity, the result of a few "point inves- 
tigations" carried out bv helicopter, with a lot of interpolation in 
between. For this reason, the application of ERTS imagery to a study 
of various aspects of the Alaskan environment takes on an importance 
found in few other areas. 

As an example of features which may be missed bv geologic field map- 
ping in Alaska, consider that the Denali fault (which is a tectonic fea- 
ture on the scale of, and perhaps more striking than the San Andre rs 
fault) was not even named prior to 1957 (St. . A mand, 1957). Since rhat 
time, it has been found to comprise an important element of the Pacific 
transform fault system of which the San Andreas is a member (c.g. Tobin 
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and Svkes, 1968). More recent studies (Richter and Matson, 1971) have 
revealed that much of the motion between the north Pacific "late and the 
continent is now nrobablv being taken up along the Totschunda fault svs- 
tem connecting the active segments of the Denali and Fairweather faults. 
All these features are clearly visible on ERTS-1 imagery, and for some 
purposes, the imagery is clear lv sunerior to even detailed ground manning. 
Consider, for instance, a scene containing the intersection of the Den- 
ali and Totschunda faults (image ID No. E-1081-20275) . It annears ob- 
vious that a strand of the Totschunda fault extends northwestward through 
Stone Creek, across the valley of the Nabesna River and into the moun- 
tains to the northwest. However, the most detailed geologic man avail- 
able of this area (Richter, 1971) does not show this feature, nresumablv 
because of alluvial fill along its trace, lack of rock differentiation 
across it, and sheer inacessibilitv in the mountainous areas. This scene 
also shows a small unmanned fault on the northwest flank of 'ft. Sanford. 
While this is a minor feature, it is of interest because it annears from 
the lighting and stream incision that it is a reverse fault. That is, 
the mountain has dropned with resnect tc the vallev. The value of ob- 
taining imagery at low sun angles is illustrated bv the fact that this 
feature is not seen (without enhancement) on two earlier, cloud-free 
nasses during August and September^ The nresent scene was made on Oc- 
tober 12 when the sun angle was 18°. Equivalent sun angles during the 
earlier asses were 43° and 25° (Image ID Nos. E-1010-20331 and E-I063- 
20273). 

2. OTHER FINDINGS RE LATINO TO TECTONICS IN ALASKA 

One of the primary objectives of this investigation was to identify 
selsmicallv active faults which had been postulated on the grounds of 
ongoing seismicity. After several years of data accumulation, we are 
finding that earthquakes in central and south-central Alaska verv often 
occur in elongated clusters where no faults are mapped. ERTS-1 imagery 
is being found to be extremely valuable in identifying faults in these 
areas. A particularly good example is found in image ID No. E-1066- 
20444. A seismically active strand of the Denali fault can be gssllv 
traced for at least 120 km. with end points at approximately 62 26'N, 

149 23'W, and 63°14'N, 147°44'W. It forms a lineal depression along 
which streams flow and sag ponds form. Seismicity records dating back 
to 1967 reveal that earthquakes have tended to cluster along the fault 
in this area, particularly near the end points, and the southern end was 
the scene of a magnitude 4.8 earthquake on October 1, 1972. This earth- 
quake was felt throughout the Susltna River Valley. Although it appears 
from the image that the Suaitna River has been left-laterally offset by 
this feature, the fault plane solution obtained of the event of October 1 
indicates right-lateral displacement, which suggests that it is a strand 
of the Denali fault, and not a conjugate, or tear fault. Lathram (1972) 
identified a linear in this approximate area on the basis of Nimbus IV 
Imagery, although it appears offset in the Nimbus Imagery in a manner 
which is not apparent in the higher resolution ERTS-1 imagery. 
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North of the Alaska Ranee, In the central Interior, there i3 a 
broad zone of shallow seismicitv which extends at least as far north as 
the southern Brooks Ranee (Cednev et al. , 19 72). Since 1904, eieht 
earthquakes of maenitude ereater than 6.0 (un to 7.d) have occurred in 
this area. Althoueh considerable seismic data has been accumulated for 
this reeion, nrimarilv in recent vears, Reoloeic and tectonic mannine is 
minimal or nonexistent. In October, 1968, an earthquake of maenitude 6.5 
occurred in the Minook Creek Valiev northwest of Fairbanks. Fieure 1 is 
a mosaic composed of nortions of six ERTS-1 imaees (Imaee ID Nos. E-1104- 
20554, E-l 104-20560 , E-l 104-205* 1, E— 1105-21012 , E-l 105-2>015 , and 
Z ■■'.5-21021). Minook Creek annears in the unner left center at approx- 
imately 65.4°N., 150. 1°W. Prior to the 1968 earthquake, this feature 
was not recoenized as a fault. Since that time, aftershock studies, 
fault nlane solutions, and g-oloeic field raaoninR have revealed that it 
is, Indeed, a left-lateral fault. Had ERTS iraaeerv been previously 
available, this conclusion would undoubtablv have been reached lone aeo. 
The extreme sharnness of stream Incision, the textural and tonal differ- 
ence.. across the vallev, and the series of parallel fractures in the sur- 
roundine mountains would have left little doubt. Althoueh the left- 
lateral nature is not obvious on the Minook Creek fault, the fourth par- 
allel feature to the east shows it quite well, with truncation of moun- 
tain lobes on both the north and south sides of the ridee line. 

On closer inspection, one sees that the Minook Creek fault is onlv 
part of a laree scale fracture svstem involving many other linears. 
Parallel features can be seen in the mountains across the Yukon River 
to the northwest, they can be identified on the southeast banks of the 
Yukon, where thev affect tributarv drainage, and two long lineaments 
are seen in the Kuskokwim Mountains to the southwest. Textural changes 
occur across the latter two, although they become lost in the alluvium 
of the Tanana River at their northern ends. Figure 2 is a kev to the 
mosaic, Pointing out these features and others mentioned in the following 
discussion. 

An almost equally impressive set of conlugate fractures intersects 
the Minook Creek complex at ar. angle of 55°, and strikes southeast to 
the Alaska Range. This is roughlv the dihedral angle at which roost brit- 
tle substances would be expected to fall if coraoressive stress had been 
applied at an azimuth bisecting the acute angle between £he two sets. 

In this case the direction is at an azimuth of about 345 , roughly per- 
pendicular to the trend of the Alaska Range. The conlugate set Is most 
apparent in the Rav Mountains, across the Yukon River from Minook Creek; 
but it is also visible in the mountains around Minook Creek, south of 
the Tanana River, and near the bottom center of Fig, 1. The latter lin- 
eament appears to truncate the small mountain near its center. 

There is a strong implication that earthquakes in this area are the 
product of compressive stress radiating outward from around the great 
bend in the Alaska Range, and that this stress system has resulted in 
the formation of a conlugate shear svstem with earthquakes occurring along 
the individual fractures. A mechanism of this sort agrees well with 
the fault plane solution obtained for the 1968 earthquake, and with one 
obtained for a magnitude 6.0 earthquake near Fairbanks in 1967. For the 
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latter event, a nearlv north-south ailmuth of comnraaelve straaa waa ob- 
tainad, naarlv oemandleular to cha Alaaka Range at this nolnc, aa waa 
trua with tha Mlnook rraak avant, Tha 1067 earthquake occurrad on a 
orominent llnaanant extending from tha town of Nanana, naat Fairbanks, 
and into tha haadvatara of tha Ghana Rlvar to tha northaaat. A a a eua- 
nactad faulty thla llna waa flown with a NASA aircraft (NP3A) during tha 
aummar of 1972. While convantlonal and raflactlva lnfrarad nhotogranhv 
fallad to ravaal conclualva avldanca of faulting (aa did elda-looking 
radar), tha IR acannar nroducad aoma unuaual and unaxnectad raaulta. 

Juat aouth of ff althanke, on tha Chana llnaamant In tha aftarshock ronn 
of tha 1967 earthquake, thara ara what anoaar to ba a aarlaa of ateonlv 
dinning folda. Thair annaaranca virtually rules out tha noaalbllltv 
that thav ara old rlvar maandara. Thav ara In an area which la normally 
ragardad aa baing ovarlaln bv thick flood nlaln danoalta, which makes It 
aaam unlikely Chat thav ara a raflactlon of tha undarlvlng bedrock. The 
fold axaa trend generally along tha llna of the Chana lineament, with an 
amnlltude of about 7 kra and a narlod of about 3 km. It la conceivable 
that they ara a result of deformation of tha Quaternary eedlments bv com- 
oraaalva atraaa In a north-aouth direction, although thla la admittedly 
"reaching". 

If tha concent of outwardly-directed coronrasalva atraaa to the 
north and northwest of tha band In tha Alaska Range la to ba taken sar- 
loualv, tha logical question which now arises la, "What causes tha com- 
nrasslon?". A nosaible exnlanatlon la that the forcaa which caused tha 
Alaska Range to "buckle", forming tha great 90° bight In tha range at 
•It. McKlnlav, have not vat subsided and further deformation la occurring. 
The primary cauaa Is nrobably related to undarthrustlng of tha north 
Pacific nlnta banaath tha continental margin along Cook Inlet and the 
waatarn Alaska Range (Davies, 1973). But whatever tha basic energy 
source. It would seem nlaualble that further buckling of the range would 
result In outwardly diractad comnresslve stress around the outside of 
the bend, with a resulting nattern of conlugate fractures of the tvne 
we have been discussing. 


3. CONCLUSIONS 

Although our discussion has daslt nrimarilv with tectonic aspects 
of Alaska which car. ba aaan on ERTS Imagery, tha moat eallant nolnt 
la thla: It la nosslbla, with ERTS data, to delineate aeismlcaliv 
active faults which raav go otherwise unnoticed. Certainly tha Mlnook 
Creak fault (alts of tha magnitude 6.5 earthquake of 1968) would have 
baan recognized long ago, had ERTS Imagery bean available, and Its 
freshness of annaaranca would have labeled it as baing recently active. 
It baare nointlng out that the alts for tha nronosad Ramnart bridge and 
oil nlnsllne crossing of tha Yukon River is vary near tha Mlnook Creak 
fault If it extends to tha north, and that tha nronoaad route also 
crosaas tha two strong lineaments at the ton center of Flga, 1 and 2. 
Particularly In Alaska, where theaa areas ara remote and accessible only 
at great time and e manse, ERTS Imagery showa great nromiea as an aid 
In construction planning, toning, and seismic risk evaluation. 
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Figure 2. Kev to Figure 1. Those linear* shown bv heaw solid lire* 
are known faults which are identifiable in ERTS-1 iraagerv. Features 
shown in dotted lines are nreviouslv unmanned faults and lineament* 
recognized for the first time in the ERTS Images. 
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